Introduction
============

The accomplishment of fixed dental prostheses depends upon the capability of the prosthesis to withstand the stress of the physiologic masticatory function and possess similar aesthetics to the natural tooth with accurate fit of the prosthesis to the abutment.[@b1-ccide-10-129] Long-range successful fixed dental prostheses are predominately governed by the preciseness of the restorative material used for construction of the fixed prosthesis.[@b2-ccide-10-129],[@b3-ccide-10-129] Imprecise fixed dental prostheses usually induce microbacteria accumulation on the plaque, which instigates periodontal disease, and causes secondary caries leading to failure of the dental prosthesis.[@b2-ccide-10-129],[@b4-ccide-10-129] Most patients often ask for tooth-color restoration, which gives rise to dental ceramic being the first priority in restorative material selection for advanced fixed prosthodontic reconstruction. Many modern dental ceramic materials have been formulated with enhanced strengths for resisting physiologic force generated from mastication and serving as full-arch fixed dental prostheses.[@b5-ccide-10-129],[@b6-ccide-10-129] The yttria partially stabilized tetragonal zirconia polycrystal (Y-TZP) has currently been proposed among modern restorative ceramics since it possesses aesthetic properties, biocompatibility, minimal bacterial plaque adhesion, and low thermal conduction as well as remarkable strength and admirable fracture resistance.[@b1-ccide-10-129],[@b5-ccide-10-129],[@b7-ccide-10-129] A typical feature of yttria-stabilized zirconia, in consideration of the toughened property related to phase transformation, is that has been described to be capable of effectively impeding crack propagation.[@b8-ccide-10-129]

The Y-TZP dental prostheses can be constructed from the advanced digital technology of computer-aided design and computer-aided manufacturing (CAD-CAM).[@b1-ccide-10-129],[@b6-ccide-10-129] The Y-TZP milling procedure is accomplished by use of either a partially sintered or a completely sintered Y-TZP block. The milling process using a completely sintered blank of Y-TZP to generate the definite shape and dimension of the dental prosthesis produces a precise fit of the dental prosthesis, approximately 60.4--74.0 μm of internal space, since the procedure does not demand an additional firing procedure, hence eradicating the dimensional shrink down of zirconia from the sintering process.[@b9-ccide-10-129],[@b10-ccide-10-129] However, it easily causes damage to the grinding bur as well as consumes a longer processing time.[@b3-ccide-10-129] Another technique of zirconia milling based on using a partially sintered Y-TZP blank is simply a machining process but this procedure requires additionally firing to derive a completely matured zirconia prosthesis. The prosthesis must be sketched out in a size increased by approximately 15%--30% before executing the milling procedure to counteract dimensional shrinkage upon firing of the Y-TZP.[@b11-ccide-10-129],[@b12-ccide-10-129] The inaccuracy of the zirconia restorations increases as the restorations involve extreme extension.[@b11-ccide-10-129] The other possible sources of imprecise fit of the zirconia restoration may also be related to the technical scanning procedures, accuracy of designing software, and capability of the milling machine.[@b9-ccide-10-129],[@b13-ccide-10-129],[@b14-ccide-10-129]

A number of CAD-CAM systems are available with varied capabilities that may influence the accuracy of the prosthesis.[@b2-ccide-10-129],[@b15-ccide-10-129],[@b16-ccide-10-129] Nevertheless, potentially suitable zirconia materials for fabrication of multiunit fixed dental prostheses were reported mostly based upon the load bearing ability of the prostheses.[@b11-ccide-10-129],[@b17-ccide-10-129],[@b18-ccide-10-129] Preciseness of a prosthesis has been described to be a crucial part in the fabrication process of the prosthesis which gives rise to the survival of the prosthesis. A dental prosthesis with precise fit was described to reduce the possibility of problems related to prepared tooth abutment and enhances successful treatment.[@b4-ccide-10-129],[@b17-ccide-10-129] A study related to imprecise fit of a CAD-CAM generated Y-TZP fixed dental prosthesis reported 21.7% of demineralization at the cavosurface margin of tooth abutment after 5 years.[@b17-ccide-10-129] It is generally accepted that accuracy is responsible for the success and reliability of prostheses under masticatory function.[@b15-ccide-10-129],[@b17-ccide-10-129],[@b19-ccide-10-129]--[@b22-ccide-10-129] It was reported that an unsuitable cement film thickness induces tensile stresses at the intaglio surface of the prosthesis as the deformation of the luting cement upon fatigue load.[@b23-ccide-10-129],[@b24-ccide-10-129] This phenomenon can initiate a crack in the zirconia ceramic.[@b17-ccide-10-129],[@b19-ccide-10-129],[@b24-ccide-10-129]

A number of digital approaches for fabricating prostheses being proposed for dentistry should illustrate that the capabilities in construction of the prostheses are considerably commensurable with pertaining to the preciseness of the traditional cast metal fabrication procedure. A precise fit of the prosthesis to the prepared tooth abutment is essential for ensuring preciseness in addition to practicability of the cementing process. During cementation, in order to derive for appropriately settling the prosthesis in place, an appropriated space of approximately 25--50 μm for luting cement is needed.[@b16-ccide-10-129] It is essential to evaluate the preciseness of one-piece cross-arch zirconia fixed prostheses constructed from different CAD-CAM systems. Therefore, it is necessary for all prostheses to be determined for preciseness to ensure quality. Up to this study, there was rare evidence of the accuracy of Y-TZP prostheses constructed from partially sintered zirconia ceramic for one-piece cross-arch prostheses. Therefore, this study aims to determine the internal fit of Y-TZP cross-arch prostheses fabricated from two digital systems, Trios-3 and CS-3500, compared to the traditional one-piece cross-arch metal casting technique. The null hypothesis was purposed with comparable preciseness of a one-piece cross-arch Y-TZP prosthesis constructed from either the Trios-3 or CS-3500 system to the conventional one-piece cross-arch metal cast prosthesis.

Materials and methods
=====================

Customized metal model fabrication
----------------------------------

A customized metal model of a full-arch partial edentulous area, consisting of two canine abutments and two molar abutments, was constructed from stainless steel ([Figure 1A](#f1-ccide-10-129){ref-type="fig"}) by computerized numerical control machine (CNC; Twincity EDM, Fridley, MN, USA).[@b25-ccide-10-129] Each metal abutment was milled in a cylindrical shape, having a chamfer finishing line and 8 mm height of the axial surface with a 5° taper to the long axis, rendering 10° of the total convergence angle. The canine was milled for a 1.2 mm width of chamfer margin and featured a circular shape with 6.6 mm and 7.8 mm for inner and outer diameters, respectively. The molar was milled for a 1.4 mm width of chamfer margin and possessed a circular shape with 9.6 mm and 11.0 mm for internal and external diameters, respectively. The metal abutments were rigidly fixed to the metal sheet to simulate a partial edentulous arch form having a span of 35 mm between the center of two canines, 50 mm between the center of two molars, and 30 mm from the center of the canine to the molar on an identical quadrant ([Figure 1B](#f1-ccide-10-129){ref-type="fig"}). A customized metal arch form was used to fabricate a one-piece cross-arch fixed prosthesis, consisting of four retainers with four anterior pontics between canine retainers and two premolar pontics between canine and molar retainers on both sides.

Construction of zirconia prosthesis
-----------------------------------

The one-piece cross-arch Y-TZP prostheses were digitally constructed from either the Trios-3 (3Shape A/S, Copenhagen, Denmark) or the CS-3500 (Carestream Health, Rochester, NY, USA) digital system. The impressions of a metal model were digitally generated 10 times for each technique using the intraoral digital scanning device. The scanned files were converted to standardized transformation language files for replication polymer casts (Fotodent^®^; Dreve Dentamid GmbH, Unna, Germany) from a computerized control appliance (ProMaker^®^ D35; Prodways, Les Mureaux, France). Ten replicated polymer casts were generated for each digital technique. One-piece cross-arch zirconia prostheses were contrived from either Ceramill^®^Mind CAD software (Amann Girrbach AG, Koblach, Austria) or Trios-3 CAD software (3Shape A/S). The digitally formulated files of prostheses from Trios-3 were transmitted for milling prostheses in a computerized control apparatus (Hint-ELs, Griesheim, Germany) using a partially sintered Y-TZP block (Lava™ Plus; 3M ESPE, Seefeld, Germany) and additionally fired in the firing furnace (InFire^®^ HTC speed; Sirona GmbH, Bensheim, Germany) at a temperature of 1,450 ºC and held for 120 min as per the manufacturer's recommendation. The digitally created files of prostheses from CS-3500 were transmitted for milling prostheses in a computerized control apparatus (Ceramill^®^ Motion 2; Amann Girrbach AG) using a partially sintered Y-TZP block (Ceramill^®^ Zolid 71M; Amann Girrbach AG) and then fired in the firing furnace (Ceramill^®^ Therm 3; Amann Girrbach AG) at a temperature of 1,470 ºC and held for 120 min as per the manufacturer's recommended firing schedule. After completion of the Y-TZP sintering process, the restorations were inserted into the resin casts.

Construction of traditional cast metal prosthesis
-------------------------------------------------

The final impressions of a metal cast were generated through a one step double-mixed technique with a custom tray by mixing a combination of medium and light viscosity polyvinyl siloxane impression (Siligum^®^; DMG, Hamburg, Germany) and then the working model cascaded with the gypsum product type IV improved stone (Vel-Mix^®^; Kerr, Orange, CA, USA). The gypsum hardening liquid (Bre-dent, Senden, Germany) was lubricated onto the improved stone cast. The colored spacing material (Bredent) was applied to the surface of abutment twice. The one-piece full-arch wax pattern was generated with dental casting wax (Kerr), invested in the high heat dental investment material (Formula-1^®^; Whip Mix, Louisville, KY, USA), and then cast with nonprecious casting alloy (4all^®^; Ivoclar Vivadent, Ellwangen, Germany). After completion of the casting process, the prosthesis was devested, finalized, polished, and inserted on the working cast.

Determination of internal accuracy
----------------------------------

The space replication method was performed to evaluate the internal accuracy of each prosthesis.[@b15-ccide-10-129] The light viscosity polyvinyl siloxane impression material (Silagum; DMG) was carried into each retainer. Then, the prosthesis was placed on the metal model ([Figure 2A](#f2-ccide-10-129){ref-type="fig"}) and immediately loaded with 50 N force through the axial direction of the prosthesis for 10 min to achieve complete polymerization of silicone ([Figure 2B](#f2-ccide-10-129){ref-type="fig"}).[@b26-ccide-10-129] Then, the prosthesis was detached from the metal arch, leaving a layer of silicone replicating material sticking on the metal dies. The medium viscosity polyvinyl siloxane material was induced to catch the thin film of silicone replica. Suddenly, the medium viscosity polyvinyl siloxane material was imported into the internal surface of the silicone replica for sustaining space replication media as a sandwiching technique. The space replication material was sectioned with the thin surgical blades through the middle portion in the right--left (RL) and anteroposterior (AP) directions for measuring the internal gap of the prosthesis ([Figure 3A](#f3-ccide-10-129){ref-type="fig"}). The internal accuracies were measured at different positions including the gingival position (P~G~), gingiva-axial position (P~GA~), axial position (P~A~), axio-occlusal position (P~AO~), occlusal position (P~O~), and occluso-central position (P~OC~) using a stereomeasurescope furnished with a video measurement appliance (Nikon Measurescope-20, Nikon D-800, and Nikon SC-102; Nikon, Melville, NY, USA) at 5× magnification ([Figure 3B](#f3-ccide-10-129){ref-type="fig"}).

Data analysis
-------------

The internal gaps were scrutinized using the SPSS Inc. software version 17 (Chicago, IL, USA). Analysis of variance (ANOVA) was determined for statistically significant difference of internal accuracy of the prostheses fabricated from the different techniques as a function of prosthesis construction procedure, type of abutments, side, and position for the prosthesis. Tukey's post-hoc pairwise comparison was deployed to evaluate for statistic significance among components at *p*\<0.05.

Results
=======

The means and SDs of internal accuracy for one-piece full-arch prostheses constructed from Y-TZP by both digital systems compared to traditional metal alloy casting prostheses were addressed both for the lateral and medial sides of canine and molar abutments at various positions as indicated in [Table 1](#t1-ccide-10-129){ref-type="table"} and [Figure 4](#f4-ccide-10-129){ref-type="fig"}. The overall means and SDs of internal accuracy for the traditionally fabricated cast metal prosthesis (T~CM~), the digitally fabricated Y-TZP prosthesis from Trios-3 (D~Z3S~), and the digitally fabricated Y-TZP prosthesis from CS-3500 (D~ZCS~) were 73.15±13.46 μm, 78.55±14.30 μm, and 82.43±16.32 μm, respectively ([Figure 5](#f5-ccide-10-129){ref-type="fig"}). The means and SDs for internal accuracy at the canine and molar abutments were 74.52±13.96 μm and 71.77±12.80 μm for traditional cast metal prosthesis (T~CM~), 78.92±14.32 μm and 78.19±14.27 μm for zirconia prosthesis fabricated from Trios-3 (D~Z3S~), and 83.00±16.07 μm and 81.86±16.57 μm for zirconia prosthesis fabricated from CS3500 (D~ZCS~) as shown in [Figure 6](#f6-ccide-10-129){ref-type="fig"}. The means and SDs for internal accuracy on the medial and lateral sides of abutment were 73.63±12.95 μm and 72.66±13.94 μm for traditional cast metal prosthesis (T~CM~), 79.87±13.55 μm and 77.23±14.91 μm for zirconia prosthesis fabricated from Trios-3 (D~Z3S~), and 84.45±15.25 μm and 80.40±17.11 μm for zirconia prosthesis fabricated from CS3500 (D~ZCS~) as demonstrated in [Figure 7](#f7-ccide-10-129){ref-type="fig"}. The internal discrepancy for one-piece cross-arch prostheses measured at different positions of each abutment for each type of fabrication technique is shown in [Figures 8](#f8-ccide-10-129){ref-type="fig"} and [9](#f9-ccide-10-129){ref-type="fig"}.

ANOVA disclosed significantly different internal preciseness of one-piece cross-arch prostheses owning to the factor of the technique used for prosthesis construction, type of abutment, side, and position on abutment (*p*\<0.05), except for the interaction between type of abutment and side of prosthesis (*p*\>0,05), as shown in [Table 2](#t2-ccide-10-129){ref-type="table"}. There was no significantly different internal preciseness of restoration as a result of the interaction among three and four factors (*p*\>0.05), except for the interaction among fabrication technique, position, and abutment type, and the interaction among position, side, and abutment type (*p*\<0.05), as indicated in [Table 2](#t2-ccide-10-129){ref-type="table"}.

The internal preciseness of the Y-TZP prosthesis constructed by Trios-3 revealed significantly better accuracy than that constructed from CS-3500 (*p*\<0.05), as indicated in [Figures 4](#f4-ccide-10-129){ref-type="fig"} and [5](#f5-ccide-10-129){ref-type="fig"}. The Y-TZP prostheses fabricated from both Trios-3 and CS-3500 revealed a significantly higher internal inaccuracy than the traditionally constructed metal casting prosthesis (*p*\<0.05), as indicated in [Figures 4](#f4-ccide-10-129){ref-type="fig"} and [5](#f5-ccide-10-129){ref-type="fig"}. There was significant larger internal discrepancy at canine than molar abutment and at the medial than lateral side of abutment for every investigated system (*p*\<0.05) as shown in [Figures 6](#f6-ccide-10-129){ref-type="fig"} and [7](#f7-ccide-10-129){ref-type="fig"}. The internal discrepancy for the one-piece cross-arch prosthesis measured at different positions for each fabrication technique is shown in [Figures 8](#f8-ccide-10-129){ref-type="fig"} and [9](#f9-ccide-10-129){ref-type="fig"}. It was indicated that the internal discrepancy of the restoration was significantly larger at the occlusal position (P~O~) and occluso-central position (P~OC~) than at the gingivo-axial position (P~GA~), axio-occlusal position (P~AO~), axial position (P~A~), and gingival position (P~G~), respectively, for all investigated systems (*p*\<0.05), as indicated in [Table 3](#t3-ccide-10-129){ref-type="table"} and [Figures 8](#f8-ccide-10-129){ref-type="fig"} and [9](#f9-ccide-10-129){ref-type="fig"}. However, there was no different statistic significance in the internal discrepancy between the gingivo-axial position (P~GA~) and axio-occlusal position (P~AO~) as well as between the occlusal position (P~O~) and occluso-central position (P~OC~) (*p*\>0.05), as indicated in [Table 3](#t3-ccide-10-129){ref-type="table"}. The internal inaccuracy for the Y-TZP prosthesis fabricated from CS-3500 was significantly higher than the Y-TZP restoration constructed from Trios-3 and cast metal restoration for each respective position (*p*\<0.05), as demonstrated in [Figures 4](#f4-ccide-10-129){ref-type="fig"} and [9](#f9-ccide-10-129){ref-type="fig"}. The internal discrepancy for one-piece cross-arch prosthesis was significantly higher at the canine than at the molar as well as higher at the medial surface than at the lateral surface in each position for every system that was tested (*p*\<0.05), as demonstrated in [Figures 4](#f4-ccide-10-129){ref-type="fig"} and [9](#f9-ccide-10-129){ref-type="fig"}.

Discussion
==========

Despite supreme restrictions in the construction procedure for fixed dental prostheses, imprecision still exists between the prosthesis and the prepared teeth, which initiates tooth abutments to demineralization and periodontitis.[@b4-ccide-10-129],[@b17-ccide-10-129] The more accurately the restoration adapts to the abutment, the less the gap discloses and the more minor is the luting material dissolved by the saliva.[@b3-ccide-10-129] The accuracy was defined as a seating discrepancy between the prosthesis and the abutment tooth representing the cement space or the internal gap.[@b16-ccide-10-129] Several studies reported that discrepancy of 160--172 μm at the gingival area with a range of 250--300 μm at the occlusal area is clinically acceptable discrepancy for full coverage fixed prostheses.[@b4-ccide-10-129],[@b15-ccide-10-129],[@b20-ccide-10-129] For this study, the internal gaps of one-piece cross-arch prostheses fabricated from traditional alloy casting, CS-3500 fabricated zirconia, and Trios-3 fabricated zirconia ranged between 51 and 91 μm, 58 and 104 μm, and 55 and 97 μm, respectively, which meant a preciseness of restoration not beyond the acceptable range for clinical conditions.[@b2-ccide-10-129],[@b3-ccide-10-129],[@b10-ccide-10-129] The precision of one-piece cross-arch prosthesis constructed from each system was of significant difference. Therefore, the null hypothesis was rejected. Although the Y-TZP one-piece full-arch prostheses constructed from both digital approaches had significantly different preciseness compared with the traditional alloy casting prosthesis position, the differences are deemed to be negligible. The concernment in internal imprecision was clinically satisfactory.[@b14-ccide-10-129],[@b20-ccide-10-129] A previous investigation reported that the internal gaps of three-unit Y-TZP bridges fabricated from different digital systems were significantly larger than the cast metal restorations for every system that was tested, which also supported the results of this study.[@b15-ccide-10-129] Thus, it can be presumed that the different preciseness between the digital systems is associated with the capability of software used for design of the prosthesis in counteraction with the firing contraction of Y-TZP for each digital technique. Also, the CAD-CAM systems require the sintering process of zirconia that might cause the differences in precision.

The accuracy of an indirectly fabricated fixed prosthesis is related to the amount of gap between the abutment and the retainer of the prosthesis. A uniform minimal internal gap is desired for a fixed prosthesis, since a large and inhomogeneous internal gap may create adverse effects in the retention and resistance of the prosthesis.[@b23-ccide-10-129] Most studies do not evaluate the internal fit at different locations as this study did.[@b10-ccide-10-129],[@b20-ccide-10-129] The thin cement space at the axial and occlusal location was reported to provide favorable influence for the strength of zirconia restorations.[@b21-ccide-10-129],[@b23-ccide-10-129] An inadequate precision of internal fit was reported to induce risks for ceramic fracture.[@b17-ccide-10-129],[@b19-ccide-10-129],[@b24-ccide-10-129] The failure strength of all-ceramic was decreased as the internal gap was increased.[@b21-ccide-10-129] The fracture strength of a ceramic fixed prosthesis possessing cement film thickness between 73 and 122 μm at the axial wall was reported to result in the reduction of compressive strength without any significant improvement for the prosthesis seating.[@b21-ccide-10-129] The internal imprecision of a one-piece cross-arch alloy casting fixed dental prosthesis was associated with the three-dimensional accuracy of the conventional lost wax technique during a restoration fabrication process that exactly influenced the prosthesis preciseness.[@b27-ccide-10-129] The one-piece cross-arch Y-TZP prosthesis is produced form the digital approach using an intraoral scanning device for generating digital impression and designing the prosthesis using a three-dimensional software program, and then milling zirconia with a computer-controlled machine. Nevertheless, zirconia restoration ought to behave with the shrinkage of material upon sintering, which is counterbalanced upon designing the restoration in enlarged dimensions using the software. This procedure is contemplated to be an unavoidable flaw associated with any digital system.[@b13-ccide-10-129] The digital impression technique generally generates slightly round borders contingent upon the digital resolution of each scanner, which gives rise to binding contact of the prosthesis at the edge and causes impreciseness. The technique of producing a digital impression also provokes some faulty peaks at the position adjacent to the borders of the scanned substance and leads to aggravate additional impreciseness.[@b28-ccide-10-129] This circumstance has been depicted to be associated with all digital techniques that require a digitizing procedure. The groups of point image gained from the digitizing process are translated into a steady, uneventful area, leaning on the capacity of the program to design the prosthesis. This operation usually induces remarkable imprecisions at different positions on each abutment.

The trend to illustrate less internal inaccuracies at the molar compared to the canine probably associated with the geometric configuration of the canine shape, which is tinier in form. A merely slight imprecision related to firing shrinkage may affect the fit of the prosthesis with tiny abutment more strongly than that with bigger abutment. It seems to be quite problematic to achieve a prosthesis to precisely fit with a canine retainer than with a molar retainer, thus the inaccuracies are more prone to happen at canine retainers. Another possible logic may be associated with the quantity of the reconstructive components adjoining each retainer of the prosthesis. Six pontics were connected to each canine retainer, including four pontics mesial jointing both canine retainers from one quadrant to the opposite quadrant and two pontics distal jointing to molar retainers on the identical side. On the other hand, the molar retainers possessed only two pontics secured to the mesial surface for joining with canine retainers in the identical side. The inaccuracy pretends to take effect more at the retainer that has a number of pontics secured owning to the characteristic of prosthesis contraction that appears more toward the mass of material, as indicated by other studies.[@b11-ccide-10-129],[@b12-ccide-10-129] The occurrence of the internal inaccuracy demonstrating a larger space on the medial surface than the lateral surface of the prosthesis is possibly associated with the nature of prosthesis shrinkage in the cooling process that is illustrated in every direction. The pattern of firing contraction is demonstrated relatively inward to the mid portion of the prosthesis and produces impreciseness at the medial surface higher than at the lateral surface as described by some studies.[@b11-ccide-10-129],[@b12-ccide-10-129],[@b20-ccide-10-129]

Large internal discrepancies were exhibited at the occlusal and occluso-central region as compared to the other regions. This results in the reduction of the interocclusal distance between the occlusal surface of the prosthesis and the antagonists, and may lead to the limitation of the occlusal anatomy of the prosthesis and can promote higher risks for ceramic fracture.[@b17-ccide-10-129],[@b19-ccide-10-129] The milling process on zirconia blank also affects the internal accuracy. The narrowest portion of the milling structure is dictated by the smallest dimension of the milling bur used for machining at the internal surface. For the portion of structures smaller than the narrowest milling bur diameter, more zirconia substance may need to be removed than necessary, causing larger internal gaps than expected.[@b28-ccide-10-129] This is the reason for the increasing discrepancies at the axio-gingival region and axio-occlusal region that can be attributed to the geometry of the milling. An increase in the cement film thickness leads to a significant decrease in the fracture load of ceramics as well as increasing water absorption by the cement and results in hydrolytic degradation of cements. Thus, a significant reduction in the reliability of ceramics upon large cement space was described.[@b22-ccide-10-129],[@b23-ccide-10-129]

It should be considered that the majority of dentists feel comfortable using conventional cast metal fixed prosthodontic techniques for the fabrication of cross-arch fixed dental prostheses. Since the use of digital dentistry for fabrication, the Y-TZP prostheses are comparatively modern technology and are drastically involved in practicing dentistry nowadays; the information related to the preciseness of prostheses from this investigation found in the systematized situations offers logically profitable scientific evidence for dentists for making decisions in performing one-piece cross-arch prosthetic reconstruction with digitally constructed Y-TZP prostheses in clinical practice.[@b25-ccide-10-129] Therefore, considering the cost--benefit of the digital dentistry, one must consider whether the advantages of the CAD-CAM technique outweigh the familiarity obtained with conventional procedures.[@b18-ccide-10-129] Based on this investigation, both CAD-CAM systems were capable of constructing the one-piece cross-arch Y-TZP prosthesis, with remarkably long span fixed dental prosthesis and convincingly accurate fit. This study also illustrates the feasibility of constructing the sophisticated one-piece cross-arch prostheses using partially sintered Y-TZP blocks. Further investigations are needed to evaluate the impact of digitizing and milling technique on the preciseness of the prosthesis. Furthermore, the ceramic veneering either on cast metal or zirconia may influence the accuracy of prostheses, which need to be further investigated.

Conclusion
==========

This investigation refused the null hypothesis that the preciseness of prostheses was influenced by different construction techniques. A significantly different internal accuracy of restorations fabricated from both digital approach systems and the traditional metal casting approach was evidenced. Conventionally fabricated cast metal restoration manifested slightly better internal accuracy than digitally fabricated zirconia for each respective location of the retainer. Internal discrepancies of prostheses were larger at the canine than the molar abutment and at the medial than the lateral side of prostheses for both digitally fabricated zirconia and traditionally fabricated cast metal restoration. Nevertheless, the inaccuracies of Y-TZP fixed dental prostheses fabricated from both digital systems were not beyond the ranges of clinical acceptability and were commensurate with the conventional metal casting technique. The precise differences of restoration at each location of the retainer were enclosed by the range of clinical prestige for one-piece cross-arch Y-TZP prostheses to be confidently endorsed for advanced dental reconstruction in dental practice.

Clinical significance
=====================

Digital dentistry, based on both Trios-3 and CS-3500 systems, can be contemplated for construction of a one-piece cross-arch Y-TZP prosthesis with adequate preciseness. Dentists can be confident of using digital technology for extensive full arch rehabilitation with Y-TZP.
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![Metal model comprising two canine and two molar abutments assembled on a metal sheet (**A**) in definite dimensions (**B**).](ccide-10-129Fig1){#f1-ccide-10-129}

![Measurement of internal accuracy of one-piece cross-arch prosthesis on a metal model (**A**) with an impression replica technique using light viscosity polyvinyl siloxane impression material to replicate the internal space (**B**).](ccide-10-129Fig2){#f2-ccide-10-129}

![Measurement of internal gap for the lateral (La) and medial (Me) sides of the abutment in the right--left (RL) and anteroposterior (AP) directions (**A**), at locations of gingival position (P~G~) at mid-gingival surface (Gs), gingivo-axial position (P~GA~) at gingivo-axial surface intersection, axial position (P~A~) at mid-axial surface (As), axio-occlusal position (P~AO~) at axio-occlusal surface intersection, occlusal position (P~O~) at one-quarter of occlusal surface (Os), and occluso-central position (P~OC~) at mid-occlusal surface (Os) (**B**).](ccide-10-129Fig3){#f3-ccide-10-129}

![Internal accuracy of one-piece cross-arch prostheses fabricated from traditional cast metal (T~CM~), Trios-3 digitally fabricated zirconia (D~Z3S~), and CS-3500 digitally fabricated zirconia (D~ZCS~), measured at canine (Ca) and molar (Ma) abutments on the medial (Me) and lateral (La) sides at the gingival position (P~G~), gingivo-axial position (P~GA~), axial position (P~A~), axio-occlusal position (P~AO~), occlusal position (P~O~), and occluso-central position (P~OC~).\
**Note:** Trios-3 from 3Shape A/S (Copenhagen, Denmark). CS-3500 from Carestream Health (Rochester, NY, USA).](ccide-10-129Fig4){#f4-ccide-10-129}

![Internal accuracy (μm) for one-piece cross-arch prostheses fabricated from traditional cast metal (T~CM~), Trios-3 digitally fabricated zirconia (D~Z3S~), and CS-3500 digitally fabricated zirconia (D~ZCS~).\
**Note:** Trios-3 from 3Shape A/S (Copenhagen, Denmark). CS-3500 from Carestream Health (Rochester, NY, USA).](ccide-10-129Fig5){#f5-ccide-10-129}

![Internal accuracy (μm) for one-piece cross-arch prostheses fabricated from traditional cast metal (T~CM~), Trios-3 digitally fabricated zirconia (D~Z3S~), and CS-3500 digitally fabricated zirconia (D~ZCS~) measured at canine (Ca) and molar (Ma) abutments.\
**Note:** Trios-3 from 3Shape A/S (Copenhagen, Denmark). CS-3500 from Carestream Health (Rochester, NY, USA).](ccide-10-129Fig6){#f6-ccide-10-129}

![Internal accuracy (μm) for one-piece cross-arch prostheses fabricated from traditional cast metal (T~CM~), Trios-3 digitally fabricated zirconia (D~Z3S~), and CS-3500 digitally fabricated zirconia (D~ZCS~) measured in the medial (Me) and lateral (La) sides.\
**Note:** Trios-3 from 3Shape A/S (Copenhagen, Denmark). CS-3500 from Carestream Health (Rochester, NY, USA).](ccide-10-129Fig7){#f7-ccide-10-129}

![Internal accuracy (μm) for one-piece cross-arch prostheses fabricated from traditional cast metal (T~CM~), Trios-3 digitally fabricated zirconia (D~Z3S~), and CS-3500 digitally fabricated zirconia (D~ZCS~), measured at gingival position (P~G~), gingivo-axial position (P~GA~), axial position (P~A~), axio-occlusal position (P~AO~), occlusal position (P~O~), and occluso-central position (P~OC~).\
**Note:** Trios-3 from 3Shape A/S (Copenhagen, Denmark). CS-3500 from Carestream Health (Rochester, NY, USA).](ccide-10-129Fig8){#f8-ccide-10-129}

![Internal accuracy of one-piece cross-arch prostheses fabricated from traditional cast metal (T~CM~), Trios-3 digitally fabricated zirconia (D~Z3S~), and CS-3500 digitally fabricated zirconia (D~ZCS~) measured at canine (Ca) and molar (Ma) abutments at gingival position (P~G~), gingivo-axial position (P~GA~), axial position (P~A~), axio-occlusal position (P~AO~), occlusal position (P~O~), and occluso-central position (P~OC~).\
**Note:** Trios-3 from 3Shape A/S (Copenhagen, Denmark). CS-3500 from Carestream Health (Rochester, NY, USA).](ccide-10-129Fig9){#f9-ccide-10-129}

###### 

Internal accuracy of one-piece cross-arch prostheses fabricated from different techniques including traditional cast metal (T~CM~), Trios-3 digitally fabricated zirconia (D~Z3S~), and CS-3500 digitally fabricated zirconia (D~ZCS~), measured at canine and molar abutments, on medial (Me) and lateral (La) sides, at gingival (P~G~), gingivo-axial (P~GA~), axial (P~A~), axio-occlusal (P~AO~), occlusal (P~O~), and occluso-central (P~OC~) positions

  Technique   Abutment   Side   Internal accuracy (μm), mean±SD                                                       
  ----------- ---------- ------ --------------------------------- ------------ ------------ ------------ ------------ ------------
  T~CM~       Canine     Me     55.80±4.37                        77.37±5.17   61.32±6.16   76.42±4.43   88.45±5.36   89.45±5.33
  T~CM~       Canine     La     54.15±5.73                        77.45±7.82   59.75±6.31   77.70±5.06   87.97±4.60   88.47±4.83
  T~CM~       Molar      Me     54.35±5.61                        76.75±5.62   61.17±6.47   76.27±4.43   81.92±4.50   84.32±5.01
  T~CM~       Molar      La     53.20±5.04                        75.85±6.38   56.20±5.81   73.67±5.11   80.70±5.21   84.25±5.47
  D~Z3S~      Canine     Me     62.32±5.63                        83.35±4.87   66.72±4.76   81.57±5.20   92.97±5.17   95.12±5.66
  D~Z3S~      Canine     La     56.75±6.07                        78.92±8.09   63.52±5.44   77.85±6.18   92.47±4.43   94.50±4.38
  D~Z3S~      Molar      Me     58.32±5.74                        83.10±6.78   68.30±5.72   81.12±6.77   92.15±3.99   93.45±5.03
  D~Z3S~      Molar      La     57.77±5.02                        80.37±5.18   61.07±6.60   77.52±5.42   92.12±4.81   92.87±4.82
  D~ZCS~      Canine     Me     64.07±4.84                        86.67±5.95   67.92±5.39   83.35±5.36   100.1±4.62   101.5±4.51
  D~ZCS~      Canine     La     59.57±4.64                        79.17±6.60   61.92±6.71   79.80±6.22   98.22±4.05   100.1±3.76
  D~ZCS~      Molar      Me     64.37±6.17                        85.82±5.94   69.15±5.03   88.10±7.70   100.4±3.94   102.2±3.27
  D~ZCS~      Molar      La     59.42±6.85                        81.35±6.04   61.02±6.48   82.45±6.09   100.1±3.70   102.0±3.70

**Note:** Trios-3 from 3Shape A/S (Copenhagen, Denmark). CS-3500 from Carestream Health (Rochester, NY, USA).

###### 

ANOVA of internal accuracy of one-piece cross-arch prostheses fabricated from different techniques and determined from different sides of the abutments at varied positions

  Source                             SS               df      MS               *F*-ratio     *p*
  ---------------------------------- ---------------- ------- ---------------- ------------- -------
  Corrected model                    582,297.665      71      8,201.376        270.922       0.000
  Intercept                          17,542,830.235   1       17,542,830.235   579,504.604   0.000
  Technique                          41,725.169       2       20,862.585       689.168       0.000
  Position                           520,398.736      5       104,079.747      3,438.139     0.000
  Abutment                           441.800          1       441.800          14.594        0.000
  Side                               4,692.006        1       4,692.006        154.994       0.000
  Technique×position                 7,374.947        10      737.495          24.362        0.000
  Technique×abutment                 1,818.308        2       909.154          30.033        0.000
  Technique×side                     1,140.336        2       570.168          18.835        0.000
  Position×abutment                  504.521          5       100.904          3.333         0.005
  Position×side                      2,088.732        5       417.746          13.800        0.000
  Abutment×side                      1.168            1       1.168            0.039         0.844
  Technique×position×abutment        745.733          10      74.573           2.463         0.006
  Technique×position×side            385.039          10      38.504           1.272         0.240
  Technique×abutment×side            52.519           2       26.260           0.867         0.420
  Position×abutment×side             593.719          5       118.744          3.923         0.002
  Technique×position×abutment×side   334.931          10      33.493           1.106         0.353
  Error                              85,004.100       2,808   30.272                         
  Total                              18,210,132.000   2,880                                  
  Corrected total                    667,301.765      2,879                                  

**Abbreviations:** ANOVA, analysis of variance; SS, sum of squares; df, degrees of freedom; MS, mean square.

###### 

Turkey honest significant difference multiple comparisons for internal accuracy of one-piece cross-arch prostheses fabricated from traditional cast metal (T~CM~), Trios-3 fabricated zirconia (D~Z3S~), and CS-3500 fabricated zirconia (D~ZCS~) among different positions (PO) including gingival (P~G~), gingivo-axial (P~GA~), axial (P~A~), axio-occlusal (P~AO~), occlusal (P~O~), and occluso-central (P~OC~) positions

  Technique   Traditional cast metal   Trios-3 fabricated zirconia   CS3500 fabricated zirconia                                                               
  ----------- ------------------------ ----------------------------- ---------------------------- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
  T~CM~       P~G~                     N                             S                            S   S   S   S   S   S   S   S   S   S   S   S   S   S   S   S
  P~GA~                                N                             S                            N   S   S   S   S   S   S   S   S   S   S   S   S   S   S   
  P~A~                                                               N                            S   S   S   N   S   S   S   S   S   N   S   S   S   S   S   
  P~AO~                                                                                           N   S   S   S   S   S   S   S   S   S   S   S   S   S   S   
  P~O~                                                                                                N   N   S   N   S   N   S   S   S   S   S   S   S   S   
  P~OC~                                                                                                   N   S   S   S   S   S   S   S   S   S   S   S   S   
  D~Z3S~      P~G~                                                                                                N   S   S   S   S   S   S   S   S   S   S   S
  P~GA~                                                                                                           N   S   N   S   S   S   N   S   S   S   S   
  P~A~                                                                                                                N   S   S   S   S   S   S   S   S   S   
  P~AO~                                                                                                                   N   S   S   S   S   S   S   S   S   
  P~O~                                                                                                                        N   N   S   S   S   S   S   S   
  P~OC~                                                                                                                           N   S   S   S   S   S   S   
  D~ZCS~      P~G~                                                                                                                        N   S   S   S   S   S
  P~GA~                                                                                                                                   N   S   N   S   S   
  P~A~                                                                                                                                        N   S   S   S   
  P~AO~                                                                                                                                           N   S   S   
  P~O~                                                                                                                                                N   N   
  P~OC~                                                                                                                                                   N   

**Note:** Trios-3 from 3Shape A/S (Copenhagen, Denmark). CS-3500 from Carestream Health (Rochester, NY, USA).

**Abbreviations:** N, no significant difference (*p*\>0.05); S, significant difference (*p*\<0.05).
